The role of arterial and venous pressure for volume regulation of an organ enclosed in a rigid compartment with application to the injured brain.
Treatment of increased intracranial pressure often includes an active change in arterial and venous pressure, sometimes with draining of cerebrospinal fluid. We evaluated tissue and perfusion pressure during corresponding interventions in an organ enclosed in a rigid compartment with capillaries permeable for electrolytes and impaired autoregulation, conditions comparable to those present in the injured brain. An isolated cat skeletal muscle enclosed in a closed fluid-filled plethysmograph served as a model for the injured brain surrounded by cerebrospinal fluid and the cranium. Tissue pressure and blood flow were measured during variation in arterial and venous pressures and in intraplethysmographic fluid volume. Autoregulation was depressed by papaverine. 1) Tissue pressure was not influenced by the venous pressure when this was below the tissue pressure, hereby generating venous collapse and a venous outflow resistance. When venous pressure was higher than the tissue pressure (no venous outflow resistance), these two parameters changed in parallel. 2) A change in arterial pressure induced a similar large change in tissue pressure at steady state, whereas blood flow remained unchanged. 3) Variation in tissue pressure induced by a change in the intraplethysmographic fluid volume was transient. If applicable to the injured brain, the results indicate that 1) a venous pressure change has a small influence on the intracranial pressure when a venous outflow resistance is present, 2) brain oedema can be reduced by lowering of the arterial inflow pressure, and blood flow will be maintained, 3) the decrease in intracranial pressure obtained by draining cerebrospinal fluid will be transient.